We report the results of optical monitoring of the high synchrotron energy peaked blazar (HSP), 1ES 1959+650, performed with the 80-cm optical telescope at Xinglong Optical Observatory in 2010-2016. Our study was focused on the optical variability of the source on diverse time-scales over about 6 yr, which is helpful in understanding the variability mechanisms of blazars. Over 19 nights of intense photometric observations, we obtained 38 intranight light curves in the different bands. Intranight variability was not detected from all of these light curves. However, 1ES 1959+650 exhibited significant variations on the short-term (months) and long-term (years) time-scales. During the whole period of our monitoring, the maximum changes in the brightness of the source was 1.38 ± 0.05 and 1.17 ± 0.03 mag in the B and R waveband, respectively. The larger variability amplitude in the blue band than in the red one is demonstrated by the bluer-when-brighter spectral trend. The B − R colour index showed a change of 0.21 ± 0.06 mag across our monitoring period. The non-detection of intranight variations of 1ES 1959+650 is in agreement with previous observations, showing that the optical fluxes of HSPs are less variable than those of intermediate/low synchrotron energy peaked blazars (ISPs/LSPs) on time-scales of hours. In contrast, the detections of significant short-term and long-term variability of the source suggest that the optical variability of HSPs might not be very different from those of ISPs/LSPs on time-scales of months and years. Finally, we discuss some possible scenarios for the differences and the similarities of optical variability on various time-scales between the two blazar subclasses.
targets to probe the central engine of AGNs by means of the flux variability study.
The spectral energy distributions (SEDs) of blazars can be well described by two broad spectral components which cover the electromagnetic spectrum from radio to gamma-ray wavelengths. Blazars are classified on the basis of the location of their SED peaks. Padovani & Giommi (1995) classified blazars into low energy peaked blazars (LBLs) and high energy peaked blazars (HBLs). The first SED component of LBLs peaks in the radiooptical wavelengths while the second component peaks in the GeV energies. For HBLs, the first SED component peaks in the UV-X-rays while the second component peaks in the TeV energies. Blazars are reclassified, based on the peak frequency (ν peak ) of synchrotron radiation, into low synchrotron energy peaked blazars (LSPs, ν peak < 10 14 Hz), intermediate synchrotron energy peaked blazars (ISPs, 10 14 < ν peak < 10 15 Hz) and high synchrotron energy peaked blazars (HSPs, ν peak > 10 15 Hz) (Abdo et al. 2010 ). Basically, LBLs include ISPs and LSPs, and HBLs are identical to HSPs.
Flux variability of blazars has been detected in most parts of the accessible electromagnetic spectrum, with variability time-scales ranging from minutes to years. In the literature, variability of blazars usually are investigated by classifying them into three broad classes (e.g. Gupta et al. 2016a,b) , though such classifications are somewhat arbitrary and affected by the observational constraints in the different wavelengths. Flux changes, e.g. from hundredths to tenths of one magnitude in the optical band, over minutes to less than one day are called intraday variability (IDV, Wagner & Witzel 1995) . Intranight variability and micro-variability, frequently used for characterizing optical variability of blazars, are identical to IDV (e.g. Gupta et al. 2016a) . Brightness variations taking place from several days to few months are termed as short-term variability (STV). Finally, long-term variability (LTV) indicates flux variability occurring from several months to many years. In the latter two classes, variability of some blazars can reach up to several magnitudes in the optical bands (e.g. Villata et al. 2004) .
Variability of blazars on various time-scales could be caused by different mechanisms. The detections of IDVs are important to understand the underlying physics of blazars. The instabilities and irregularities taking place in the smallest scales of blazar jets, perhaps originally arising from the accretion disc instabilities, are thought to be responsible for the IDVs in blazars (e.g. Gupta et al. 2016a,b) . The jet structure on such small scales cannot be spatially resolved by current observational techniques (Lawrence 2016) , even with the very long baseline radio interferometry (VLBI) in radio range. Thus, the detections and studies of blazar IDVs provide an alternative method to probe the fine structure of jets. Due to remarkable beaming effects, we need to obtain light curves of blazars with time resolution as high as possible.
Various studies have shown that the detections of blazar IDVs strongly depend on their SEDs. ISPs/LSPs show very high detection probability of IDVs in optical range (e.g. Cheng, Zhang & Xu 2013; Gupta & Joshi 2005; Zhai & Wei 2011 , 2012 , but not in X-rays (e.g. Liu & Zhang 2011; Gupta et al. 2016b ). In contrast, for HSPs, IDVs can frequently be detected in X-rays (e.g. Zhang et al. 1999 Zhang et al. , 2005 Ravasio et al. 2004; Brinkmann et al. 2005; ) , but not in optical band (e.g. Gupta et al. 2016a) . One possible interpretation for such a dependence is the differences of the synchrotron peak frequencies between ISPs/LSPs and HSPs. Since the optical and X-ray radiation is dominated by the highest energy electrons via synchrotron process and by the lower energy electrons through inverse Compton (IC) process, respectively, the ISP/LSP IDVs are expected to be more significant in the optical than in the X-ray band. Though the optical and X-ray emission of HSPs have synchrotron origins, the latter is dominated by the highest energy electrons while the former is controlled by the lower energy electrons. The X-ray IDVs are thus more remarkable than the optical IDVs for HSPs. The underlying physical process is that the higher energy electrons suffer faster cooling due to higher radiation power (Kirk & Mastichiadis 1999) .
Interestingly, the optical IDVs in ISPs/LSPs show similar properties (e.g. the interband time lags and energy-dependent variability amplitude) to the X-ray IDVs in HSPs (e.g. Pian 2002; Zhang 2003; Cheng et al. 2013; Zhang et al. 2013; Zhang, Xu & Li 2016) . A rational interpretation of such an analogue is that both the optical emission of ISPs/LSPs and the X-ray emission of HSPs are the highest energy tail of synchrotron radiation component. Both the optical IDVs in ISPs/LSPs and the X-ray IDVs in HSPs are thus controlled by the same physical process, i.e. the acceleration and cooling of the highest energy electrons responsible for the emission.
In order to study and compare the optical variability of ISPs/LSPs and HSPs on diverse time-scales, we have performed a project to observe a sample of blazars with the 80-cm optical telescope located at Xinglong Optical Observatory. Some results of this monitoring were presented in Cheng et al. (2013) for ON 231 and in Zhang et al. (2013 Zhang et al. ( , 2016 for BL Lac. These two objects are ISPs/LSPs.
In this paper, we present our optical observations for the HSP 1ES 1959+650. The observations were obtained over the time span of about 6 yr from 2010 to 2016. Our goal is to better understand the optical variability properties of the source on diverse timescales. 1ES 1959+650 first was detected as an X-ray source (Elvis et al. 1992) . It was then optically identified as a BL Lac object by Schachter et al. (1993) with redshift of 0.047. After the discovery of its very high energy gamma-ray emission (Nishiyama 1999) , 1ES 1959+650 has been one of the most extensively monitored TeV targets, frequently coordinated with multiwavelength observations. It was highly variable in the X-ray and TeV energies on various time-scales (Giebels et al. 2002; Holder et al. 2003; Tagliaferri et al. 2003 Tagliaferri et al. , 2008 Krawczynski et al. 2004; Gutierrez et al. 2006; Aliu et al. 2013 Aliu et al. , 2014 Kapanadze et al. 2016a,b) . In the optical band, 1ES 1959+650 showed the LTVs of more than one magnitude (Gaur et al. 2012; Kapanadze & Janiashvili 2012; Sorcia et al. 2013) , while the IDVs in the source have not been detected definitely yet (Gaur et al. 2012 ).
This paper is organized as follows. Section 2 describes the observations and data reduction. The variability analysis methods we used are given in Section 3. In Section 4, we present the results of variability analysis in detail. Section 5 is our discussion and conclusions.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
1ES 1959+650 was observed at Xinglong Optical Observatory of National Astronomical Observatories of Chinese Academy of Sciences (NAOC). Our observations were conducted with the 80-cm Tsinghua-NAOC Telescope (TNT), an equatorialmounted f/10 Cassegrain optical telescope. The telescope is equipped with a Princeton Instrument thin back-illuminated CCD of 1340 × 1300 pixels. The pixel size is ∼20 µm. On the sky, the field of view of the CCD covers ∼11 × 11 arcmin 2 . The CCD has read-out noise of 5 electrons Analog-to-Digital Unit (ADU) −1 and its gain is 2.3 electrons ADU −1 . The source was observed over the time span of about 6 yr from 2010 July to 2016 June. During 19 nights, we performed dense samplings to detect the optical IDVs in the source. During most of other nights, however, only one exposure per filter was done for the purpose to study the STVs and LTVs of 1ES 1959+650. We used standard Johnson-Cousin BVRI filters in turn. Several frames of flat-field and bias image were routinely taken during dusk and/or dawn during each night. The CCD was sufficiently cooled by liquid nitrogen, so we did not take dark frames during our observations. We used MAXIM DL software to reduce the observation data and to perform aperture photometry for both 1ES 1959+650 and the standard stars. Each CCD frame was corrected by the bias frames and by the flat-field frames. We used Stars 4 and 6 as the standard stars in the source's field (Pace et al. 2013) , since they are the closest stars to the source in both the brightness and position. Moreover, Pace et al. (2013) demonstrated that these stars are nonvariable. They also provided the averaged magnitudes, on the basis of calibrations by different authors in the literature, for each standard star. Table 2 . For the nights with more than one exposure, the magnitudes are the ones averaged over the nights.
VA R I A B I L I T Y A NA LY S I S M E T H O D S
In the literature, the differential photometry is the 'standard' method used to quantify the IDVs in blazars. We quantify the IDV analysis of 1ES 1959+650 by employing three different statistics (e.g. de Diego 2010), which are described below.
C-test
The C-test was introduced to quantify rapid variability of blazars by Romero, Cellone & Combi (1999) . The variability detection parameters C 1 and C 2 with respect to Stars A and B, respectively, are defined as
where σ A , σ B and σ AB are the standard deviations of the differential instrumental magnitudes of the blazar and Star A, the blazar and Star B, and Star A and Star B, respectively. If C 1 ≥ 2.576 and C 2 ≥ 2.576, the variability of the source is claimed to be detected at the nominal confidence level of larger than 99 per cent.
F-test
The standard F-test is a normally distributed statistic which can be used to determine whether the variability of a source is significant (de Diego 2010). The parameters of F-test, F 1 and F 2 , are calculated with respect to Stars A and B, respectively,
where S A , S B and S AB are the variance of the differential instrumental magnitudes of the blazar and Star A, the blazar and Star B, and Star A and B, respectively. To quantify the significance of variability, the values of both F 1 and F 2 are compared with a critical value, F
ν Q ,ν * (ν Q and ν * is the degree of freedom for the blazar and star light curve, respectively, and α is the significance level used to claim variability). We consider F-test with α = 1 per cent and α = 0.1 per cent which correspond to 2.6σ and 3σ significance level of variability, respectively. If the values of both F 1 and F 2 are larger than the critical value, the null hypothesis (i.e. no variability) is discarded.
ANOVA test
The one-way ANOVA test was applied by de Diego et al. (1998) to inspect the variability of quasars. We divided each light curve into k groups (k = N/5, N is the number of data points of the light curve) with each group having 5 data points. The variance of groups is defined as
whereȳ is the average of the light curve and y j is the average of the jth group. The variance of the light curve is
The ratio between these variances is
The ratio, F, behaves like the F-statistic. To check the variability, we compare the value of F with the critical value, F (α) ν 1 ,ν 2 . As stated above, the degree of freedom is ν 1 = k − 1 for each group and ν 2 = N − k for all groups. We then obtain ν 1 + ν 2 = N − 1, just corresponding to the degree of freedom for the original light curve. We performed F-test with α = 1 per cent and α = 0.1 per cent which corresponds to 2.6σ and 3σ significance level of claiming variability, respectively. We computed the F-value with respect to Stars A and B, and obtained F 1 and F 2 , respectively. For a certain Table 2 . Excerpt of the photometric results of 1ES 1959+650. The full photometric data are available online. The observation dates and the filters are indicated in each plot. BL, S1 and S2 denote the source, Star 4 and 6, respectively. The blue light curves (S1− S2) present the differences of the instrumental magnitudes between the two standard stars. The black (BL −S1) and red (BL−S2) light curves show the differences of the instrumental magnitudes between the source and the two stars, respectively. For the visual convenience, the black and red light curves are shifted vertically. All of the differential light curves are available online.
significance level of α, if both F 1 and F 2 exceed the critical value, the null hypothesis (i.e. no variability) is rejected.
R E S U LT S

Intraday variability
We obtained 38 intensely sampled intranight light curves for 1ES 1959+650 during the 19 nights in 2010-2016. These light curves were gathered in the BVRI bands. In order of date and filter, Fig. 1 presents the differential light curves between the source and the two stars, showing the IDVs in the source with respect to Stars 4 and 6, respectively. This figure also plots the differential light curves between Stars 4 and 6, providing the changes of photometric condition during the nights. It appears that the source did not exhibit visible IDVs in any of the light curves, which is supported by the results derived from the variability analysis with the three test techniques described in Section 3. The parameters of these tests are tabulated in Table 3 . It can be seen that these IDV light curves never exceed the tests at 99 per cent confidence level with these techniques simultaneously, suggesting that the IDVs were not detected in 1ES 1959+650 during our observing period. Our results are in agreement with those obtained by Gaur et al. (2012) with 45 IDV light curves in the B and R bands.
Short-term variability
In order to characterize the STVs of 1ES 1959+650, we separated our whole observations on the basis of its natural observational seasons. The observations in 2010 covered three nights only, so we do not discuss it in the sense of STV. Therefore, we obtained six STVs, which are plotted in Fig. 2 in time order. Each data point represents the apparent magnitude from one night. If more than one exposures were made during one night, the magnitudes were averaged. Among these STVs, the 2016 one covered about one month with seven data points only, but the other five ones lasted about 6-8 months with tens of data points. It appears that 1ES 1959+650 underwent two flares on time-scales of months in 2012 and 2013, respectively. Due to poor samplings and/or short time durations of the observations, it is unclear whether the source experienced flares in other four observational seasons. Nevertheless, the source was variable during these seasons as shown by the STV light curves in Fig. 2 . Table 4 presents the magnitude ranges in the STVs. The variability amplitude of the six STVs ranges from ∼0.2-∼0.9 mag. Among these STVs, the largest amplitude of variability took place in 2012. Note that the magnitude ranges depend on the sampling rates and the time durations of the STVs. Table 4 also shows that the variability amplitude tends to increase with shorter wavelength. On 2012 May 5, 1ES 1959+650 was in the brightest state with B = 14.610 ± 0.036 mag and R = 13.670 ± 0.010 mag. However, it came through the faintest states with indistinguishable brightness in two nights. On 2010 July 22, the source showed B = 15.992 ± 0.040 mag and R = 14.825 ± 0.031 mag. Similarly, it had B = 15.936 ± 0.034 mag and R = 14.839 ± 0.028 mag on 2014 August 4. During our observations of 6 yr, 1ES 1959+650 exhibited total changes of 1.382 ± 0.050 and 1.169 ± 0.030 mag in the B and R bands, respectively. The blue band variability amplitude is larger than the red band one.
Long-term variability
Spectral variability
In Fig. 4 , the B − R and V − R colour indices are plotted against the R magnitudes, respectively, to reveal the spectral variability of 1ES 1959+650 with its brightness. The errors on the B − R and V − R colour indices were propagated from the errors on the B, V and R magnitudes. Note that, compared to the B − R colour indices, the number of the V − R colour indices are much smaller because the observations in V band were conducted in 2010-2012 only. The bluer-when-brighter (BWB) trend of variability is pronounced for both the B − R and V − R colour indices, indicating that the source showed larger variability amplitude with shorter frequency, as we obtained above. The B − R colour index showed a change of 0.213 ± 0.058 mag across our monitoring period. Table 5 presents the Pearson correlation coefficient (r) and the null hypothesis probability (p) of the correlations between the colour indices and magnitudes, indicating that the BWB spectral trends are indeed significant. We fitted the correlations with a linear function of the form y = a × x + c (y and x indicate the colour indices and magnitudes, respectively, while a and c are the slope and intercept of the function, respectively). The results of our fits are also presented in Table 5 and Fig. 4 (the solid lines) . The positive slopes of the correlations between the colour indices and magnitudes suggest that 1ES 1959+650 exhibited the BWB spectral trend during the period of our observations.
D I S C U S S I O N A N D C O N C L U S I O N S
With the TNT observations in 2010-2016, we have studied the optical variability of 1ES 1959+650 on diverse time-scales. Our observations largely augmented the optical data base of the source, one of the HSPs with a rather small amount of optical data compared to the classical blazars (mostly ISPs/LSPs).
The main reason of seldom monitoring the optical IDVs in HSPs may be due to the low duty cycles of micro-variability in the optical emission of these sources (e.g. Gupta et al. 2016a ). We observed 1ES 1959+650 with relatively dense temporal resolutions and long durations during 19 nights, mainly in the B and R bands. No significant IDVs were detected during these nights. Gaur et al. (2012) also observed the same source during 24 nights from 2009 July to 2010 August and did not find any IDV either (see also Krawczynski et al. 2004) . Therefore, the results of our IDV detections are in agreement with those of Gaur et al. (2012) . Note that this conclusion was derived from the ground-based small aperture optical telescopes. Due to relatively poor photometric precession (usually a few hundredth of one magnitude), these telescopes might not be able to reveal the IDVs in HSPs. Nevertheless, even though the IDVs would exist in 1ES 1959+650 and/or other HSPs, the variability amplitude of these sources should be significantly smaller than those in ISPs/LSPs.
The detections of IDVs in HSPs may need much higher photometric precision than that achieved to date. As an example, the (Borucki et al. 2010 ), used to find exoplanets by the transiting method, may be able to reveal the optical IDVs in HSPs. The very low duty cycles of the optical IDVs found in the HSPs so far might be artificial results, since the ground-based optical telescopes, usually used to detect the optical IDVs in blazars, have low photometric precision. Therefore, a more intrinsic reason for the differences of the optical IDVs between HSPs and ISPs/LSPs could be the amplitudes rather than the duty cycles of IDVs, i.e. the optical IDVs in HSPs might be significantly weaker than those in ISPs/LSPs. Future optical observations with high photometric precession may test this statement. However, 1ES 1959+650 exhibited genuine STVs and LTVs in the optical bands. The optical LTV, constructed using our observations in 2010-2016, was characterized by a large flare. The source showed significant variations by more than one magnitude and reached the maximum brightness in 2012. On the basis of the seasonal visibility, the STVs in 1ES 1959+650 were pronounced as well. The observations obtained by Gaur et al. (2012) supported the existence of optical STVs in the same source (see also Krawczynski et al. 2004; Sorcia et al. 2013 ). Our observations further revealed the presence of spectral variability correlated with brightness on long time-scales, in the sense that the source's optical spectra hardened when it brightened. The BWB spectral trend is in agreement with the fact that the blue band showed larger amplitude of variability than the red band did. We suggest that the STVs and LTVs in 1ES 1959+650 could be similar to those in ISPs/LSPs (e.g. Villata et al. 2002 for BL Lac) .
Variability of blazars were found to show different properties on diverse time-scales, which are thought to be caused by different physical mechanisms. The shock-in-jet model may interpret the fast variability (i.e. IDV or micro-variability) of blazars. When the shock propagates along the turbulent flow of plasma, it can accelerate the electrons to very high energy (e.g. Marscher & Gear 1985) . The electrons are accelerated at the shock front. They are then cooled by synchrotron (and IC) process as they leave the shock front. The higher energy electrons cool faster than the lower energy ones do, so the radiation produced by the former comes from smaller volume compared to the radiation produced by the latter. Therefore, the emission produced by the higher energy electrons shows larger amplitude and shorter time-scale of variability than that produced by the lower energy electrons. Due to larger variability amplitude, the emission produced by the higher energy electrons may show higher duty cycle as well. 1ES 1959+650 frequently exhibited X-ray IDVs (Krawczynski et al. 2004; Kapanadze et al. 2016a,b) , but its optical IDVs have not been detected yet (Gaur et al. 2012; this work) . In particular, the fast X-ray variability of the source sometimes occurred on the time-scales as short as ∼1 ks (Kapanadze et al. 2016a,b) . As one of the HSPs, the X-ray and optical emission of 1ES 1959+650 are thought to come from the same synchrotron component, but the electrons producing the X-ray emission have much higher energies than those producing the optical emission. Accordingly, the differences between the X-ray and optical IDVs in 1ES 1959+650 could be interpreted by the shock-in-jet model.
The X-ray fluxes of 1ES 1959+650 were highly variable on short and long time-scales. In another way, the X-ray STVs and LTVs were frequently detected in the source, which were accompanied mainly by the 'harder-when-brighter' (HWB) spectral trend (Giebels et al. 2002; Krawczynski et al. 2004; Kapanadze et al. 2016a,b) . Similarly, the observations by Gaur et al. (2012) and us showed that the optical STVs and LTVs were often detected in 1ES 1959+650 as well. At the same time, the optical variability of the source on long time-scales exhibited similar spectral evolution, i.e. the BWB trend. Therefore, even though the optical IDVs are different from the X-ray ones, the optical STVs and LTVs in 1ES 1959+650 can be similar to the X-ray ones. A possible explanation for the similar STVs and LTVs in the two bands is that the flux variability is caused by the variations of the Doppler factor of radiating blobs in the jets (e.g. Villata et al. 2002 Villata et al. , 2004 . The precession of an inhomogeneous helical jet, resulting in the changes of the viewing angle of the emitting blobs with respect to the line of sight, may be responsible for the changes of Doppler factor of the emitting blobs. The BWB/HWB variability trend can be caused by different mechanisms (e.g. Gupta et al. 2016a ). The non-thermal emission of blazars may consist of a variable and a stable component, with the former having a harder spectral slope than the latter. The stable component contributes to the underlying emission and the variable component is responsible for the increase of flux. The BWB/HWB trend is thus expected when a blazar brightens. One synchrotron emission component can also interpret the BWB/HWB trend. In this scenario, the flux increases are due to the re-injection of fresh electron population whose energy distribution is harder than that of the previously cooled one (Kirk & Mastichiadis 1999) . The jet precession can change the Doppler factor of the received emission. If the emission has a 'convex' spectral shape, the variations of Doppler factor can cause the BWB/HWB trend as well (Villata et al. 2004 ).
Due to pronounced variability, the IDVs in ISPs/LSPs have been extensively observed in optical wavelengths, while the IDVs in HSPs have been well monitored in X-rays. Both the X-ray IDVs in HSPs and the optical IDVs in ISPs/LSPs show the high duty cycles of variability. Therefore, a more interesting investigation is to compare the properties of the optical IDVs in ISPs/LSPs to those of the X-ray IDVs in HSPs, rather than to compare the IDVs in HSPs and ISPs/LSPs in the same waveband, either in the optical or in the X-ray band. As we noted before, the temporal and spectral variations of HSPs in the X-ray band are similar to those of ISPs/LSPs in the optical band (e.g. Zhang 2010; Zhang et al. 2013 Zhang et al. , 2016 . A number of studies showed that not only the X-ray variability amplitude of HSPs but also the optical variability amplitude of ISPs/LSPs tends to increase with increasing photon energy and that the spectra harden when the sources brighten (e.g. Brinkmann et al. 2005; Zhang et al. , 2005 Zhang et al. , 2006 , for the X-ray IDVs in HSPs, and Wu et al. 2005 Wu et al. , 2012 Zhang et al. 2013 Zhang et al. , 2016 , for the optical IDVs in ISPs/LSPs). Interband time lags were found in the X-ray IDVs of HSPs (e.g. Tanihata et al. 2001; Brinkmann et al. 2005) and in the optical IDVs of ISPs/LSPs (e.g. Papadakis et al. 2003; Wu et al. 2005; Cheng et al. 2013) , respectively. More interestingly, the conversions between the soft and hard lags were already found in the X-ray IDVs of HSPs (e.g. Ravasio et al. 2004; Brinkmann et al. 2005, for Mrk 421; Zhang et al. 1999 Zhang et al. , 2006 for PKS 2155-304; see also Tanihata et al. 2001 ). An evidence for this conversion was also detected in the optical IDVs of the classical ISP/LSP BL Lac (Zhang et al. , 2016 .
The SEDs of HSPs show higher synchrotron (and inverse Compton) peak energies than those of ISPs/LSPs, indicating that the intrinsic physical parameters of the emitting regions are systematically different between the subclasses of blazars. A number of SED modelling showed that HSPs have higher magnetic fields/electron energies and smaller sizes compared to ISPs/LSPs (e.g. Sambruna, Maraschi & Urry 1996) . This determines that the cut-off energies of the synchrotron components are higher for HSPs than for ISPs/LSPs. The SEDs show that both the X-ray emission of HSPs and the optical emission of ISPs/LSPs are produced by the most energetic part of their respective electron energy distributions through the synchrotron process, suggesting that the same physical mechanisms can be responsible for the origin of the X-ray emission of HSPs and the optical emission of ISPs/HSPs. Similar IDV properties in many aspects are thus expected for the X-ray emission of HSPs and for the optical emission of ISPs/LSPs (Zhang et al. , 2016 . Since the X-ray emission of ISPs/LSPs comes from the lowest energy electrons through the IC process and the optical emission of HSPs are produced by the lower energy electrons through the synchrotron process, weaker variability are expected for both the X-ray IDVs in ISPs/LSPs and the optical IDVs in HSPs. As modelled by Kirk & Mastichiadis (1999) , the variability pattern of a flare, such as time profile and interband time lag, is determined by the interplay between the electron acceleration time (t acc ) and cooling time (t cool ), and the flare duration (t var ). For the emission produced by lower energy electrons, since t acc is always smaller than t cool , t acc will have much less effects on the properties of both the X-ray IDVs in ISPs/LSPs and the optical IDVs in HSPs. In contrast, for the X-ray emission of HSPs and the optical emission of ISPs/LSPs, both t acc and t cool can dominate the systems in different periods. Therefore, the interband hard and soft lags may occur in the X-ray IDVs of HSPs and in the optical IDVs of ISPs/LSPs .
The IDVs in blazars may be caused by the instabilities and/or irregularities of the smallest scales in the jets. These changes may originate from the accretion disc instabilities (Gupta et al. 2016a ). Such small scales cannot be spatially resolved by current observational techniques. Thus, the observations of rapid flux variability of blazars are able to reveal information about the fine structure of the jets and accretion discs of blazars (Lawrence 2016) . The relativistic beaming effects make the detections of the fast variability in blazars easier. In the future, high quality observations and detailed modelling of rapid variability will help us to better understand the changes of the smallest region in the jets and accretion discs of blazars.
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